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Ultrafast electron scattering (UES), including diffraction, imaging, and energy-loss spectroscopy, are emerging
new techniques for visualizing dynamics of matter at atomic levels. These rapidly advancing new develop-
ments have generated scientific outcomes with broad and profound impacts in quantum material, solar energy
conversion, chemical reaction, high energy density physics, and biology, among many other research fields.
The capabilities of UES instruments are ultimately determined by the brightness of electron beams as well as
how precisely we can shape the beams in spatial, angular, temporal, and energy domains. The photoemission
process, which dictates how electron beams are generated in six-dimensional phase space at the very begin-
ning, plays a critical role in defining the subsequent evolution and necessary manipulation of beams and hence
the overall machine performances. In this talk, I will try to discuss the requirements of the photocathodes by
making the connection to the required electron beam parameters for UES applications. Challenges and new
R&D opportunities of photocathodes toward future UES instruments will also be discussed.
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